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Abstract

This write-up reports our understanding of the MI8 8-GeV
transfer line lattice function, as of April 2000. The
beamline optics was examined by analyzing 1-bump orbit
data. Our best guess for the actual beamline lattice
function is based on the beam emittance fitting using the
available profile sigma data and the experimentally
verified optics. The projected injection lattice function is
included at the end.
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Introduction

The data taken for the analysis of the 8 GeV transfer line lattice function
consisted of 1-bump data using dipoles MP@2, HT800, HT802, and VT803. Several
different settings for each of the correctors were used. Both BPM data and Multiwire
profile data were taken and used for analysis. In addition, by phase-locking BOOSTER
RF to that of Main Injector, the beam energy at BOOSTER extraction was varied such
that the beamline dispersion function can be studied.

BPM data

At each corrector setting BPM data from multiple beam cycles was collected
using console program R99. The calculated mean of position and the RMS variation at
each BPM were recorded.

Multiwire profile data

Multiwire profile data was taken for both beam position and profile width
information. Off-line Gaussian fit to the profile provides beam centroid information
that is used in the orbit analysis. The profile sigma was used for beam width
propagation analysis, as well as initial lattice function analysis.

Magnet readings

The MI8 transfer line includes both conventional and permanent magnets. Bulk
power supplies are used to power most of the conventional electro-magnets, i.e.
major bends and quadrupoles. Current shunts are used to adjust each magnet to it
desired current. The reading of both the bulk power supply and the shunts were
taken during study and used in the calculation to reproduce the corresponding beam
data.

Analysis and results

Calibration of MP@2 and HT800

MW800 is located before any of the MI8 line quadrupoles. Its position reading
can be used to calibrate the kick strength of MP@2 in the vertical plane. The same
works for HT800 in the horizontal plane, except with less accuracy due to much
shorter drift distance. Figure 1 showed the vertical position data from MW800 as
function of MP@2 voltages. This implies a local transfer constant of 8.899 gauss/volt.
Figure 2 showed a similar plot for HT800 and implies a transfer constant of 31.204
gauss-meter/amp, for a zero-length dipole.
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Figure 1. Calculation of transfer constants using vertical plane multiwire profile of MW800. The
beam position is plotted as a function of MP@2 setting.
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Figure 2. Calculation of transfer constants using horizontal plane multiwire profile of MW800. The
beam position is plotted as a function of HT800 setting.
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Orbit

The 1-bump orbit data is used to verify the strength of quadrupoles in the
beamline. Adjustments to the read magnet current are shown in figure 3. This was
found necessary in order for the calculated orbit to match that of the measured data
orbit. Shown in Figure 4, 5, 6 and 7 are the comparisons of calculation with data,
using HT800, HT802, MP@2, and VT803 respectively. Data and calculation as plotted
are color coded for each different trim current settings. Circles are from BPM
readings and solid dots are from multiwire profile centroids. In all cases the
agreements between data and expected orbit excursion are quite good. All the
calculations shown were done using one single set of magnet currents which was used
for the subsequent lattice function analysis.

Az oof. As used
4/5/00 4/8/00 Z/31/00 2/6/00 b PATETT

DE_narme Setting Feading Reading Reading Reading
E:MPOZ VOLT 1029.59

P02 AMPS 1028.994

Q200 AP 211.2819 21190135 2112415 2052619
Q2 AP 1844019 1846913 184 3615 124 4019
Q=02 AP 171.7809 1714155 171.44035 171.7309
Q203 AMPS 2909273 226937 99,3938 2909375
Q=04 Arnps 224 6019 2251415 225645 2186019
Q205 Arnps 244 4219 245.0815 244 42135 2404419
Q=06 Arnps 161.1009 1606555 1608005 167.1009
Q207 Arnps 1560809 15356955 1555205 152.0809
Q=02 Arnps 1936019 1958515 1955615 1956019
Q209 Arnps 2042419 2051715 2042415 2072419
Q347 Arnps 145695 148725 148675 145695
Q348 Arnps 144 83 144 .85 144 735 144 83
Q249 Arnps 157.575 157.595 157.55 160575
Q=50 Arnps 161.215 161.26 16117 164215
Q251 Arnps 156,915 156,965 156,685 156915
Q=52 Arnps 159425 159.475 159.445 159425
E Q=005 Arnps 4Z.74 4T 1225 42 0825 4% 2425 4T 1225
EBQe015 Arnps 3.2 Z1.0225 I1.0425 09225 I1.0225
E:Q=2025 Arnps 10.8 111225 109625 11.0425 111225
E Q045 Arnps 28.86 29,8825 29,8425 288425 29,8825
B Q20355 Arnps 10 10.0025 29225 10.0025 2.0425
E Q2065 Arnps 21.68 21.8025 21.7225 216825 15.8025
E Q0TS Arnps 26.84 26,8425 266825 26,9625 I0.8425
E Q20385 Arnps 17 16.8825 16.8825 16,9225 21.8825
B Q2095 Arnps 106 10,6425 10,5625 10,6425 T.E425
108475 Arnps 16.2 16.18 1615 16.2 16.18
I:Qa4as Arnps 201 20.043 20025 2014 20,0435
1:08435 Arnps 745 T3 T.28 T.EZT 4.5
1:08505 Arnps .74 TEE TE1T 703 066
108515 Arnps 2.1 T35 T 219 7.6
1:08525 Arnps 5.52 5.45 5.4 5.43 5.45
E Q=200 AP 2357982 254 4344 254,984 254 434 248 4844
B Qa0 AP 2162933 2154244 215.734 215.424 2154244
E:Q=02 AP 182.0963 182.9034 182278 182483 1829034
B Q03 AMPS 0595435 2909273 226937 99,3938 2909375
1:0847 AP 1649963 164 875 165.894 1647 164 875
[H o] Arnps 201.875 205926
1:1QF Arnps 206 275 209,436
1| _EEMD Arnps 47219 476.5838 S0E. 403

Figure 3. Magnet currents as read and as used by the analysis program.
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Figure 4. MI8 beamline horizontal plane orbit as result of different HT800 setting.
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Figure 5. MI8 beamline horizontal plane orbit caused by HT802.
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Figure 6. MI8 beamline vertical plane orbit as caused by MP@2.
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Figure 7. MI8 beamline vertical plane orbit caused by VT803.

Dispersion function

With Booster phase lock on the beam energy into the MI8 line was controlled by
changing the Main Injector RF frequency at injection. During study the Booster flat-
top beam energy was changed by about +0.5%£-3. In Figure®8 the measured dispersion
function is plotted along with the calculation in connected line. The agreement is



MI-0278

quite good except in the vertical plane. A more detailed study needs to be made to
certify the vertical dispersion function.
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Figure 8. The horizontal and vertical plane dispersion function, measured BPM position data and as
calculated. The connected line represents the calculation using the Ap/p calculated according to
the measured RF frequency of the Main Injector the design phase slip factor at 8-GeV.

Profile sigma

The beam emittance and o,/p were fitted based on the above verified beam
optics which includes the dispersion function. Shown in Figure 9 and 10 are the profile
data and the corresponding calculation, using the fitted initial lattice function.
Shown in figure 11 are horizontal and vertical sigma from profile data taken in
multiple beam transfers. With no more than four multiwires in the beam during each
transfer the down-stream profiles are expected to be less contaminated by the effect
of multiple scattering.
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Figure 9. Horizontal plane profile sigma as plotted against the calculation. The top plot shows the
difference.
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Figure 10. Vertical plane profile sigma plot. Bottom plot shows the data as compared to the
calculated sigma and the top plot shows the differences.
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Figure 11. Sigma plot of both horizontal and vertical plane. Green dots are data taken with all MI8
line multiwires in and blue dots are data taken with 4 multiwires in, at a time.
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Select: [BGEW_MI4n ] az [Transfer line]
Start at element: [BOO_EXT ] for [Proton 1
#Track: [Lattice function] at { & 1 Ged

Horz Vert
Phaze: ¢ 23,6292 { 23,3443 2n
Beta: ¢ 25,762 3 {12,237 3 M
Alpha: ¢ 093 ¥4 L0BY K
etar (-2.489 » {0 K
etap: {-.01 Pog-.028 0 3

Fosition: ¢ 2.38261y ¢ 1.7B81 ) mm
Angle: = 008601 {-.003159) mr
Emittance: ¢ 2.08757) ( 2.39291) m—-mm-mr

+ 1280685 &\ 2261TF
ZFAP: L 395B2ER £ 09125
aPAP (D }

#Fit emittance: [Mone 1
Momentum zigma from [Horizontall plane

#lpdate reference orbit
Graphic window link: [Mone ]
Calculation in [Matrix] order

Figure 12. The initial lattice parameters used for calculation as shown in the window named
"Lattice Parameters."

Lattice

In order for the profile sigma propagation to fit the data the initial lattice
function, starting at Booster, had to be modified. Figure 12 shows the initial lattice
parameters used for lattice calculation and the fitted emittances. The use of
experimentally determined initial twiss parameters is justified in part because of the
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optics up-stream of MI8 beamline was not directly verified. This changes the
beamline line lattice function substantially. Further effort is needed to justify the
initial condition used. The projected injection lattice function into Main Injector is
shown in Figure 13 and 14.

#Lizt [Twiss parameters 1 of [SGEV_MI4D 1 #Seqh - =+
#llevice: [EPMs 1 in [Horz plane] #Calc -4 >+
Fram —<HPEE2 x+ to [HP112 1

Name Station phasze EBeta Alpha Eta Etap
HPEE2 -16.02 &6.7875 49,02 -2,BBEZ  0.8736 0.0475
HP102 19,60 F.07ERS BE9.6E 22,3309 0.7091 -0.0391
- 19.62  7.07A1 R2.08  2.31F7  0.7043 -0.0391
HP104d Bd 47 F.2892 B1.B9  3.3d40 -0.4663 0.0160
HP10& g0.40  7.&76d 31,27 1.6318 -0.68264  0.0431
HP10& 106,93 7.7360 Bd.de  2,BB20 0.4329 -0,0084
HP140 140,62 &.06882 B2.2F  2.3127  0.F020 -0.0387F
HP112 176,10 &8.2867 4,29 2,847 -0.4948 0.0081

Figure 13. The projected horizontal plane lattice function at injection into Main Injector.

#Lizt [Twizsz parameters ] of [BGEM_MI4D ] #Seqh - o+
#Device: [EPMs 1 in [Wert plane] #Calc -4 o+
Fram —<YPa47 =+ to [WPL07 1

Name Station phasze EBeta Alpha Eta Etap
VPad7 -88.87 H.9G572 85,22 Z.0918  0.1087 -0.0151
YPE49 -E3.¥3  6.0909 49,78 3,600 -0.4841 0.0237F
WPERL -30.66 6.4706 0,80 3,390 -0.0301 0.0420
WPL01 2.4 B.6266 47 .72 2.6213 0.8803 -0.0220

- 2,33 B.6270 47 .11 26026 0.&731 -0.0220
YPL03 36,79 6,94E5 FEOEF O 2.8F02  0.1701 -0.04Fs
YPL0G &67.43  7.1045 39,46 3,149 -0.4707  0.0262
VPL07 93,37 7.4538 61,77 2.9034  -0.08486  0.0171

Figure 14. The projected horizontal and vertical plane lattice function at injection into Main
Injector.

Miscellaneous
Multiwire

MW852 horizontal appears to be inverted in horizontal plane.
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